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Abstract
Utilizing all the experimental measured charmless B → PP , PV decay modes, where P (V )
denotes a light pseudoscalar (vector) meson, we extract the CKM angle γ by global fit. All the
unknown hadronic parameters are fitted with γ together from experimental data, so as to make
the approach least model dependent. The different contributions for various decay modes are
classified by topological weak Feynman diagram amplitudes, which are to be determined by the
global fit. To improve the precision of this approach, we consider flavor SU(3) breaking effects of
topological diagram amplitudes among different decay modes by including the form factors and
decay constants. The fitted result for CKM angle γ is (69.8± 2.1± 0.9)◦ . It is consistent with the
current world average with a better precision.
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I. INTRODUCTION
The test of the standard model explanation of CP violation, which is accommodated by
a complex phase in the Cabibbo-Kobayashi-Maskawa (CKM) matrix, is the central goal of
heavy flavor physics program. Specifically, using B decays to determine the three angles α,
β and γ of the usual non-squashed unitarity triangle of the CKM matrix respectively and
thus to test the closure of the unitarity triangle is a very straightforward and promising
way to accomplish this goal. Any discrepancies would suggest possible new sources of CP
violation beyond the standard model.
In principle, α, β and γ can be determined via measurements of CP violating asymmetry
in neutral B decays to CP eigenstates. If a single CKM amplitude or different amplitudes
with the same CKM phases contribute to the decay of B0 meson, then the mixing-induced
CP asymmetry is a pure function of CKM parameters, which are both from the two neutral
B mesons mixing and the B0 decay, with no strong phase uncertainties. As it is well
known that the angle β can be determined in a reliable way with the help of the mixing-
induced CP violation of a single ”gold-plated” mode B0 → J/ψKS. Likewise, for α, it can
be extracted using neutral B decay, B0 → pi+pi−, using the isospin symmetry analysis to
separate the strong phase difference of tree and penguin contributions by other B → pipi
decays. Theoretically, similar with the measurement of β and α, a straightforward way
to obtain of γ might be to use CKM-suppressed B0s decay, B
0 → ρKS, or a analysis for
the decays B0s → D0φ, D¯0φ and D01φ, as in [1]. However, the observed mixing-induced CP
asymmetries are expected to be strongly diluted by the large Bs − B¯s mixing, so that to
determine γ in this way is considerably more involved than β and α.
The third angle γ is currently the least known. It usually depends on strong phase dif-
ference of different B decays, which is difficult to calculate reliably. One of the theoretically
cleanest way of determining γ is to utilize the interference between the b→ cu¯s and b→ uc¯s
decay amplitudes with the intermediate states D0 and D¯0 mesons subsequently decay to
common final states rather than to use B− → D0KS and B− → D¯0KS decays directly,
due to the large uncertainties of the two amplitudes ratio rB and strong phase difference
between them. According to different common final states, the methods can be divided into:
the GLW [2] method, with D meson decaying to CP eigenstate; The ADS [3] method, with
the final state not CP eigenstate but using doubly Cabibbo-suppressed decays to enhance
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the CP violation effect; The GGSZ [4] method, which exploits the three-body D decays to
self-conjugate modes, such as D0 → KSK+(pi+)K−(pi−). Since the hadronic parameters in-
volved in these decays are not yet known, it is still not clear which of the proposed methods
above is more sensitive to γ. The world average values are mainly achieved by combining
the various methods above with more decay modes involved to decrease the statistical un-
certainties, which are γ = (71.1+4.6−5.3)
◦ [5], γ = (73.5+4.2−5.1)
◦ [6] and γ = (70.0± 4.2)◦ [7] fitted
by HFLAV, CKMFitter and UTfit Collaboration, respectively. The latest combination of
γ measurements by the LHCb collaboration yield (74.0+5.0−5.8)
◦
[8]. As there is no penguin
diagram pollution in these charmed B decays and the source of theoretical uncertainty on γ
determined from higher-order electroweak corrections is also very small, a shift δγ . O(10−7)
calculated in [9], the uncertainty of approximately 5
◦
on γ are statistically limited. The rea-
son for these relatively large statistical uncertainties is, for instance, Br(B− → D¯0K−) ∼
O(10−6) suffers from some serious experimental difficulties.
The two-body charmless B meson decays receive both contributions from tree and pen-
guin diagrams with relatively large branching ratios, at the order of O(10−6 − 10−5). Their
branching ratios and CP asymmetry parameters depend strongly on the interference of tree
and penguin diagrams with different weak and strong phases. This provides a possible
way to measure the CKM γ. The only problem here is how to calculate or extract the
different strong phases between tree and penguin diagrams of charmless B decays reliably.
The methods proposed in ref.[10–12] extract the strong phases in B → pipi, B → piK and
B → KK decays by applying flavor SU(3) symmetry. Fleischer propose method to use
the decays Bd → pi+pi− and Bs → K+K− through the U-spin flavor symmetry of strong
interactions [13]. All these methods require a number of experimental measurements but do
not depend on the non-perturbative QCD calculation. However the precision on determi-
nation of γ is limited by the theoretical uncertainties from the flavor SU(3) breaking effects
or U-spin-breaking corrections. Some of the methods can only provide bound on γ, which
serves complementary indirect constraint to the the unitarity triangle. Recently, three-body
charmless B decays, whose amplitudes are also related by flavor SU(3) symmetry [14–16] or
U-spin flavor symmetry [17], are utilized to extract the CKM angle γ. The uncertainty of
this fit is around the order of 10
◦
with six possible solutions found in the latest paper[16].
In order to improve the precision of γ angle measurements, one has to deal with the
flavor SU(3) breaking effect. Recently, the factorization-assisted-topological-amplitude ap-
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proach is proposed in [18–21] to parameterize all the contributions in charmless B decays
by topological diagrams, but keep most of the SU(3) breaking effects. Like the previous
version of topological diagram approach [22], most of the hadronic decay amplitudes of
the weak diagrams are fitted from the experimental measurements instead of perturbative
QCD calculation. Thus, it is model-independent. But we also take into account the flavor
SU(3) breaking effects in each flavor topological diagram characterized by different decay
constants and weak transition form factors. As a result, we can reduce the number of the
unknown hadronic parameters by fitting all the charmless two-body B → PP , PV decays
together [18], while the previous one [22] can only fit the B → PP , and B → PV decay
modes, separately with two sets of parameters. In the present work, we will try to use all
the experimental measured B → PP , PV decays observables to do the global fit again but
leaving the weak phase γ to be fitted from the abundant experimental data together with
the hadronic parameters. There are also a number of measured B decay channels with two
vector meson final states. Since this kind of decays are more complicated with transverse
polarization degrees, we will not include them in our current study to introduce more free
parameters. Explicitly, in the present work, we will fit 15 parameters from 37 experimental
measured branching fractions and 11 CP asymmetry parameters of B → PP , PV decays.
We begin in Sec.II with a summary of the parameterization of tree and penguin topological
amplitudes of charmless B → PP , PV decays, leaving one of the weak phases, γ, as a
free parameter to be fitted with hadronic parameters together. The fitted result of CKM
angle γ with experimental and theoretical uncertainties is presented in Sec.III. Sec.IV is the
conclusion.
II. PARAMETERIZATION OF DECAY AMPLITUDES FOR DIFFERENT
TOPOLOGICAL DIAGRAMS
The charmless two body B meson decays are induced by weak interactions through tree
diagram and penguin diagram in the quark level. For different B decay final states, the
tree level weak decay diagram can contribute via: the so-called color-favored tree emission
diagram T , color-suppressed tree emission diagram C, W -exchange tree diagrams E and W
annihilation tree diagrams A, which are shown in Fig.1, respectively. The 1-loop corrections
from QCD penguin diagrams are not really suppressed due to a larger CKM matrix element
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FIG. 1: Topological tree diagrams contributing to B → PP and B → PV decays: (a) the color-
favored tree emission diagram T , (b) the color-suppressed tree emission diagram C, (c) the W -
exchange diagram E and (d) the W -annihilation diagram A.
comparing with the tree diagram. They are also grouped into four categories: (a) the
QCD-penguin emission diagram P , (b) the flavor-singlet QCD-penguin diagram PC or EW-
penguin diagram PEW , (c) the time-like QCD-penguin diagram PE and (d) the space-like
QCD-penguin annihilation diagram PA, shown in Fig.2.
The color-favored tree (T ) topology shown in Fig.1(a) is proved factorization to all orders
of αs expansion in QCD factorization approach [23], the perturbative QCD factorization ap-
proach [24] and the soft-collinear effective theory [25], thus its formula is easily parametrized
as
T P1P2 = i
GF√
2
VubV
∗
uq′a1(µ)fp2(m
2
B −m2p1)FBP10 (m2p2),
T PV =
√
2GFVubV
∗
uq′a1(µ)fVmV F
B−P
1 (m
2
V )(ε
∗
V · pB),
T V P =
√
2GFVubV
∗
uq
′a1(µ)fPmVA
B−V
0 (m
2
P )(ε
∗
V · pB), (1)
where the superscript of T P1P2 denote the final mesons are two pseudoscalar mesons, T PV (V P )
for recoiling mesons are pseudoscalar meson (vector meson). q′ = d, s quark for ∆S = 0, 1
transition, respectively. a1(µ) is the effective Wilson coefficient from short distance QCD
corrections, a1(µ) = C2(µ)+C1(µ)/3 = 1.05 at next-to-leading order [26], with factorization
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FIG. 2: Topological penguin diagrams contributing to B → PP and B → PV decays: (a) the
QCD-penguin emission diagram P , (b) the flavor-singlet QCD-penguin diagram PC or EW-penguin
diagram PEW , (c) the time-like QCD-penguin diagram PE and (d) the space-like QCD-penguin
annihilation diagram PA.
scale µ, insensitive to different final state mesons, chosen at mb/2 = 2.1GeV usually. The
decay constants fP , fV and form factors F
BP1
0 , F
B−P
1 and A
B−V
0 characterize the SU(3)
breaking effects. ε∗V is the polarization vector of vector meson and pB is the 4-momentum
of B meson.
For the non-factorization dominant color suppressed tree diagrams, we parameterize them
as
CP1P2 = i
GF√
2
VubV
∗
uq
′χCeiφ
C
fp2(m
2
B −m2p1)FBP10 (m2p2),
CPV =
√
2GFVubV
∗
uq′χ
C′eiφ
C′
fVmV F
B−P
1 (m
2
V )(ε
∗
V · pB),
CV P =
√
2GFVubV
∗
uq′χ
Ceiφ
C
fPmVA
B−V
0 (m
2
P )(ε
∗
V · pB), (2)
where χC , φC represent the magnitude and associate phase of pseudo-scalar meson emit-
ted decays B → PP , V P . The prime in χC′ , φC′ denote differences with respect to the
hadronic parameter in the amplitude of vector meson emitted decays B → PV . Similarly,
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we parameterize the W-exchange diagrams as
EP1P2 = i
GF√
2
VubV
∗
uq′χ
Eeiφ
E
fBm
2
B(
fp1fp2
f 2pi
),
EPV,V P =
√
2GFVubV
∗
uq′χ
Eeiφ
E
fBmV (
fPfV
f 2pi
)(ε∗V · pB), (3)
with χE, φE to represent the magnitude and strong phase. We will ignore the W annihilation
topology, as its contribution is negligible as discussed in [22].
The penguin emission diagram is also proved factorization in various QCD-inspired ap-
proaches and the soft-collinear effective theory to all orders in αS expansion. Thus its
amplitudes are as following:
P PP = −iGF√
2
VtbV
∗
tq′
[
a4(µ) + χ
P eiφ
P
rχ
]
fp2(m
2
B −m2p1)FBP10 (m2p2),
P PV = −
√
2GFVtbV
∗
tq′a4(µ)fVmV F
B−P
1 m
2
V (ε
∗
V · pB),
P V P = −
√
2GFVtbV
∗
tq′
[
a4(µ)− χP eiφP rχ
]
fPmVA
B−V
0 (m
2
P )(ε
∗
V · pB), (4)
where χP and φP denote the “chiral enhanced” penguin contributions, with the chiral factor
of pseudo-scalar meson rχ. The Wilson coefficient a4(µ) of effective penguin operators are
calculated to the next-to-leading order [26]. We parameterize the flavor-singlet penguin
diagram as
P PPC = −i
GF√
2
VtbV
∗
tq′χ
PCeiφ
PC fp2(m
2
B −m2p1)FBP10 (m2p2),
P PVC = −
√
2GFVtbV
∗
tq′χ
P ′Ceiφ
P ′C fVmV F
B−P
1 (m
2
V )(ε
∗
V · pB),
P V PC = −
√
2GFVtbV
∗
tq′χ
PCeiφ
PC fPmVA
B−V
0 (m
2
P )(ε
∗
V · pB). (5)
Looking carefully at the Fig.2(a) and 2(d), the only difference between them is the hard
gluon attached to different light quark pair. Since we do not calculate the QCD corrections,
but fitted from experimental measurements, these two diagrams will give the same contri-
bution. Since the contribution of pseudo-scalar meson emission P PP,V PA is already encoded
in the parameter rχχ
P , eiφ
P
in Eq.(4) for diagram Fig.2(a), we have only one contribution
left for space-like penguin diagrams: the vector meson emission one:
P PVA = −
√
2GFVtbV
∗
tq′χ
PAeiφ
PAfBmV (
fPfV
f 2pi
)(ε∗V · pB). (6)
The contribution from time-like penguin (PE) diagram is argued small, which can be ignored
in decay modes not dominated by it [18].
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TABLE I: The decay constants of light pseudo-scalar mesons and vector mesons (in unit of MeV).
fpi fK fB fρ fK∗ fω fφ
130.2± 1.7 155.6± 0.4 190.9± 4.1 213± 11 220± 11 192± 10 225± 11
The electroweak penguin topology (PEW ) is similar to the tree and penguin emission
diagrams, which can be proved factorization. We calculate this diagram in QCD as
P PPEW = −i
GF√
2
VtbV
∗
tq′eq
3
2
a9(µ)fp2(m
2
B −m2p1)FBP10 (m2p2),
P PVEW = −
√
2GFVtbV
∗
tq′eq
3
2
a9(µ)fVmV F
B−P
1 (m
2
V )(ε
∗
V · pB),
P V PEW = −
√
2GFVtbV
∗
tq′eq
3
2
a9(µ)fPmVA
B−V
0 (m
2
P )(ε
∗
V · pB), (7)
where a9(µ) is the effective Wilson coefficient at the next-to-leading order accuracy.
III. NUMERICAL RESULTS
From the equations (1-7) in the previous section, one notices that all the tree amplitudes
are proportional to VubV
∗
uq′ ; while the penguin amplitudes are proportional to VtbV
∗
tq′ =
−(VubV ∗uq′ + VcbV ∗cq′ ). Except Vub ≡ |Vub| e−iγ, all other CKM matrix elements V ∗uq′ , VcbV ∗cq′
are approximately real numbers without electroweak phase. The phase angle γ is a free
parameter to be fitted from experimental data. The magnitudes of CKM matrix elements
are input parameters cited from ref.[27]
|Vud| = 0.97420± 0.00021 , |Vus| = 0.2243± 0.0005 , |Vub| = 0.00394± 0.00036 ,
|Vcd| = 0.218± 0.004 , |Vcs| = 0.997± 0.017 , |Vcb| = 0.0422± 0.0008 . (8)
The remaining parameters expressed in decay amplitude formulas are the meson decay con-
stants and transition form factors. The meson decay constants are measured by experiments
or calculated by theoretical approaches, such as covariant light front approach [28] light-cone
sum rules [29, 30], QCD sum rules [31, 32] etc. We show the values in Table I mostly in
average by PDG [27].
The transition form factors of B meson decays are usually measured through semileptonic
B decays modes together with CKM matrix elements. Theoretically, they are calculated
8
TABLE II: The transition form factors of B meson decays at q2=0 and dipole model parameters.
FB→pi0 FB→K0 F
B→ηq
0 F
B→pi
1 F
B→K
1 F
B→ηq
1 A
B→ρ
0 A
B→ω
0 A
B→K∗
0
Fi(0) 0.28± 0.03 0.31± 0.03 0.21± 0.02 0.28± 0.03 0.31± 0.03 0.21± 0.02 0.36± 0.04 0.32± 0.03 0.39± 0.04
α1 0.50 0.53 0.52 0.52 0.54 1.43 1.56 1.60 1.51
α2 -0.13 -0.13 0 0.45 0.50 0.41 0.17 0.22 0.14
in various approaches: the constitute quark model and light cone quark model [33–36],
Covariant light front approach(LFQM) [28, 37, 38], light-cone sum rules [30, 39–61], PQCD
[62–71] and lattice QCD [72–74] etc. We combine these results and use the average of the
transition form factors of B meson decays at q2=0, shown in Table II. The q2 dependence of
the transition form factors of B meson decays are described with the dipole parametrization,
Fi(q
2) =
Fi(0)
1− α1 q2M2pole + α2
q4
M4pole
, (9)
where Fi denotes form factors F0, F1, or A0; while Mpole is the mass of the corresponding
pole state, such as B(s) for A0, and B
∗
(s) for F0,1. The q
2 of charmless B meson decays is
not far away from zero, thus the uncertainty of dipole model parameters is neglected in our
calculation. These dipole model parameters are also listed in Table II.
To minimize the statistical uncertainties, we should use the maximum amount of experi-
mental observables of B → PP , PV decays. However, some of them are measured with very
poor precision, therefore we will not use those measurements with less than 3σ significance
in the following fitting program. Then we have 37 branching ratios and 11 CP violation
observations of B → PP , PV decays from the current experimental data in ref. [27] and
2019 update in the website.
We use the χ2 fit method by Miniut program [75], where the χ2 function in terms of n
experimental observables xi ±∆xi and the corresponding theoretical results xthi defined as
χ2 =
n∑
i=1
(
xthi − xi
∆xi
)2
. (10)
The corresponding theoretical results are written as functions of those 15 unknown theoret-
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ical parameters in topological amplitudes. The best-fitted parameters are
γ = (69.8± 2.1)◦
χC = 0.41± 0.06, φC = −1.74± 0.09,
χC
′
= 0.40± 0.17, φC′ = 1.78± 0.10,
χE = 0.06± 0.006, φE = 2.76± 0.13,
χP = 0.09± 0.003, φP = 2.55± 0.03
χPC = 0.045± 0.003, φPC = 1.53± 0.08,
χP
′
C = 0.037± 0.003, φP ′C = 0.67± 0.08,
χPA = 0.006± 0.0008, φPA = 1.49± 0.09, (11)
with χ2/d.o.f = 45.4/33 = 1.4. The uncertainties shown here for all the parameters are
produced from the χ2 fit program Miniut, which are mainly transmitted from the experi-
mental statistical and systematic uncertainty. There should also be theoretical uncertainties
on γ extraction. The major source of theoretical uncertainties in our calculation are the
uncertainties of input parameters: |Vub|, |Vcb|, hadronic form factors and decay constants.
We repeat the fit program above but with the input parameters above varying by following a
Gaussian distribution one by one. Then these theoretical uncertainties on γ can be assessed
through the distribution of central values of γ due to the variations of these input parameters.
The values of theoretical uncertainty σ(T.) obtained are 0.2
◦
, 0.2
◦
, 0.9
◦
and 0.1
◦
originated
from the uncertainties of |Vub|,|Vcb|, form factors and decay constants, respectively. The total
theoretical uncertainty is 0.9
◦
. Our final result of γ is then (69.8 ± 2.1 ± 0.9)◦ , which is in
good agreement with the current world averages: γ = (71.1+4.6−5.3)
◦ [5], γ = (73.5+4.2−5.1)
◦ [6] and
γ = (70.0±4.2)◦ [7] and the measurement of (74.0+5.0−5.8)◦ by the latest LHCb collaboration [8].
It is obvious that the uncertainties of γ have been shrunk roughly half of the uncertainties
on the world-average values.
IV. CONCLUSION
The charmless B meson decays receive contributions from both of the tree amplitudes
and the loop penguin amplitudes. The interference between the two amplitudes makes the
branching ratios of these decay modes sensitive to the CKM angles, where large direct CP
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asymmetries are observed. Since non-perturbative dynamics involved, the hadronic matrix
elements of these decays are always difficult to calculate precisely. We try to parametrize
the decay amplitudes into different topological diagrams, which can be fitted from the ex-
perimental measured quantities, such as branching ratios and CP asymmetry parameters.
To improve the precision of the global fit, we factorize the corresponding decay constant and
form factors to characterize the flavor SU(3) breaking effect. We extract the CKM weak
angle γ using all the measured two body charmless B → PP , PV decays in factorization
assisted topological amplitude approach. The determined value is (69.8± 2.1± 0.9)◦ , with
the first uncertainty translated from the experimental error of decay channels and the second
error from hadronic parameter and CKM matrix elements. The result of γ is well compatible
with the current world average value and the measurement of (74.0+5.0−5.8)
◦
by the latest LHCb
collaboration, but with less uncertainty.
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